Objective: Plasma interleukin-18 (IL-18) has been reported to be associated with homeostasis model assessment of insulin resistance (HOMA-IR). It also has been described as one of the factors that, in addition to insulin resistance, may also contribute to atherosclerosis. Parameters of systemic inflammation are also significantly associated with circulating IL-18. Our objective was to investigate whether IL-18 is associated with insulin resistance and atherosclerosis in patients with rheumatoid arthritis (RA) in which accelerated atherogenesis develops.
Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory disorder of unknown etiology primarily affecting the joints and is associated with increased mortality rates (1) . It is shown that this increased mortality in RA is largely attributable to cardiovascular disease, primarily atherosclerosis-related mortality and coronary heart disease (1, 2) . Available data do not suggest that these associations are due to aggregation of traditional risk factors in patients with RA, or they can be explained by adverse effects from antirheumatic treatment (3) . Therefore, non-traditional risk factors may also significantly contribute to the pathogenesis of atherosclerosis.
Atherosclerosis is also a chronic inflammatory disease of the arterial wall characterized by progressive accumulation of lipids, several cells, and extracellular matrix. Inflammation plays a major role throughout the development and pathogenesis of the atherosclerotic lesion (4) . It was reported that inflammatory cells and mediators are present in human atherosclerotic plaque (5) . The levels of inflammation markers, such as C-reactive protein (CRP), several cytokines, and other inflammatory markers known to be elevated in RA, are also elevated in ischemic injuries and predict coronary heart disease risk (6) (7) (8) . Therefore, atherosclerosis could be attributed to the result of chronic inflammation, as occurs with RA. In recent years, the relation between RA and cardiovascular disease has become a particular focus of attention because of the increased recognition of the inflammatory underpinnings of atherosclerosis (4) . Recently, the carotid intima-media thickness (cIMT) has been used as a non-invasive method for the assessment of atherosclerosis, and the prevalence of subclinical atherosclerosis, detected as an increase in the cIMT, is higher in patients with RA than in controls (9 Rheumatoid arthritis is considered a typical Th1-mediated disease in which a broad range of proinflammatory mediators are releasedclassically, tumor necrosis factor-alpha (TNF-α) and interleukin-1 (IL-1) or interferon-gamma (IFN-γ) (2) . Many additional factors have been added to this cytokine network in recent years; for instance, interleukin-18 (IL-18), a novel cytokine of the IL-1 family, identified in several autoimmune diseases, was shown to induce proliferation, cytotoxicity, and cytokine production by Th1 and NK cells (10) . Overproduction of IL-18 is known to induce severe inflammatory disorders (11) . In addition, IL-18 expression has been demonstrated in the synovium of patients with RA (12) . IL-18 exhibits pleiotropic activities in RA, with a wide variety of effects that are influenced by the overall cytokine milieu. Several lines of evidence also indicated recently that IL-18 is also involved in atherosclerosis (13) . IL-18 stimulates IFN-γ and TNF-α production and might be involved in atherosclerosis (14) . IL-18 is also highly expressed in atherosclerotic plaques and seems to be a major factor in plaque destabilization (13) .
Insulin resistance is known to be a major risk factor in the etiology of type 2 diabetes, hypertension, and dyslipidemia and may be a risk factor for coronary heart disease (15) . Elevated concentrations of various inflammatory markers in the circulation have been reported in humans with insulin resistance-e.g., interleukin-6, TNF-α, soluble TNF receptors (sTNFRs), and CRP (16) . In addition, there is some evidence that IL-18 concentrations may be linked insulin resistance (17) .
The present study was therefore undertaken to compare plasma concentrations of IL-18 in patients with RA with those in age-matched control subjects and to investigate whether plasma IL-18 is associated with insulin resistance and cIMT, an early marker of atherosclerosis, in patients with RA.
Material and Methods

Patients
A total of 51 female RA patients were recruited from a hospital-based sample and included in the study. The patients met the 1987 American College of Rheumatology revised classification criteria for RA (18) . The healthy control group consisted of 30 ageand body mass index (BMI)-matched female. Detailed information was obtained through a structured interview, physical examination, laboratory tests, and review of medical records of patients. We recorded the medication taken at the time of the study. Their BMI (kg/m 2 ) was calculated. We excluded patients with diabetes mellitus, dyslipidemia, impaired fasting glucose, BMI >30/kg/m 2 , recent or ongoing infection, chronic inflammatory disease, or systemic disease except RA and patients taking corticosteroids and lipid-lowering or glucose-lowering agents. All patients were classified into two subgroups based on whether they received disease-modifying antirheumatic drugs (DMARDs) or not. Twenty (39.2%) patients were on DMARDs, while 31 patients (60.8%) were only on nonsteroidal anti-inflammatory drugs (NSAIDs) of non-DMARDs. Non-DMARD patients were presented as active RA being newly diagnosed.
Methods
In patients, disease activity was measured using the Disease Activity Score based on the evaluation of 28 joints (DAS28). The DAS28 score is a validated composite index containing a 28-joint count for tenderness, a 28-joint count for swelling, erythrocyte sedimentation rate (ESR), and the patient's overall assessment of well-being. DAS 28 >5.1 is high disease activity, 5.1≥DAS 28 >3.2 is mild disease activity, and DAS 28 ≤3.2 is low disease activity, and the patient's assessment of disease activity [measured on a 0-100-mm visual analog scale (VAS)] was taken (19) . Blood was collected after an overnight fast for the measurement of complete blood count, fasting plasma glucose (FPG), total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides. Total cholesterol, HDL cholesterol and triglycerides (Olympus; County Clare, Ireland), of LDL cholesterol (Randox; Crumlin, UK), and of plasma glucose. Laboratory testing was carried out using autoanalyzers and enzymatic methods (for lipids). Ethylenediaminetetraacetic acid (EDTA) plasma was obtained after low-speed centrifugation at 4°C and frozen at -80°C prior to use. Quantitative measurement of patients' fasting insulin concentrations was conducted using an insulin kit based on a microparticle enzyme immunoassay (BioSource; INS-EASIA, Brussels, Belgium). Serum CRP and rheumatoid factor (RF) were determined using a nephelometric immunoassay (Dade Behring Inc; Newark, DE, USA), and values of more than 20 IU/mL in the RF titer were considered positive. ESR was determined by Westergren method. Serum levels of IL-18 and TNF-α were measured by enzyme-linked immunosorbent assay using ELISA kits (BioSource; International Immunoassay Kit, CA, USA). Insulin resistance was evaluated by the homeostasis model assessment of insulin resistance (HOMA-IR) (20) , which was calculated as follows: HOMA-IR = fasting plasma insulin level (µU/mL) X FPG (mmol/l)/22.5. cIMT of the common carotid artery was determined using duplex ultrasonography with a high-resolution 7.5-MHz transducer (HDI 1500 C2-5, USA). cIMT was defined as the distance from the leading edge of the first echogenic line to the leading edge of the second echogenic line in the sonographic image (21) . We obtained approval for the study from the local ethical committees.
Statistical analysis
The statistical analysis in this study was performed using Statistical Package of Social Sciences (SPSS) 17.0 for Windows (SPSS, Inc., Chicago, IL, USA). Results are given as mean±-standard deviation (SD). The statistical significance of the differences between the groups was determined by the Mann-Whitney U-test and student t-test. Correlation was tested using Pearson and Spearman's rank test. P-values less than 0.05 were considered significant.
Results
The demographic characteristics and results of other parameters and the comparison of these data in patients with RA (DMARD and non-DMARD) and controls are shown in Table 1 . Patients with RA and control subjects were of similar age, sex, and BMI. RF was positive in 31 (60.8%) RA patients, whereas it was not positive in control subjects. Serum concentrations of total, HDL, and LDL cholesterol and triglycerides were similar among patients and controls. ESR, CRP, insulin, FPG, TNF-α, IL-18 levels, HOMA-IR, and cIMT measurements were significantly higher in patients than in the control group (Table 1) . HOMA-IR and cIMT measurements were similar and high in these two patient groups (p<0.05). ESR, CRP, and TNF-α levels and DAS 28 scores were also significantly higher in patients without DMARD treatment than in the other patients (p<0.001). Of the RA patients, 11.7% (6 patients) had a plaque in the arteria carotis communis, whereas there was no plaque in the control group.
In patients with RA, there were positive correlations with DAS 28 scores and ESR (r=0.650, p=0.000), CRP (r=0.928, p=0.000), and TNF-α (r=0.883, p=0.000). HOMA-IR correlated with TNF-α (r=0.308, p=0.028), but no correlation was found between IL-18 and HOMA-IR (Figure 1 ). However, IL-18 correlated positively with cIMT (r=0.318, p= 0.028) and negatively with BMI (r=-0.360, p=0.01) (Figure 2 ). The levels of insulin also correlated with PFG, ESR, CRP, TNF-α, and DAS 28.
Discussion
In the present study, we evaluated the plasma levels of IL-18 and a possible relationship between plasma IL-18 levels and insulin resistance and atherosclerosis in patients with RA. The major findings were that there was significant elevation of plasma IL-18, TNF-α, HOMA-IR, and cIMT measurements in RA patients compared with healthy controls. Elevated IL-18 levels were significantly associated with cIMT measurements but were not correlated with HOMA-IR.
The cause of increased atherosclerosis in patients with RA is not known; however, inflammation and activated innate immunity are thought to play an important role in the development of atherosclerosis (22) . Both traditional and nontraditional risk factors contribute to atherogenesis in RA. It may involve interactions between chronic vascular inflammation, corticosteroid use, augmented traditional risk factors, and hypertension (23) . These multifactorial influences contribute to alterations in the vasculature and the development of atherosclerosis. As a result, accelerated atherosclerosis in RA may increase cardiovascular mortality. Using carotid ultrasonography, Del Rincon et al. confirmed a significant association between atherosclerosis and systemic inflammation in both RA and healthy individuals (24) . These authors found a significant association between laboratory markers of systemic inflammation and both the cIMT and the presence of carotid plaques. Indeed, cIMT, a marker of early atherosclerosis, not only shows a strong relationship with cardiovascular disease risk factors but also predicts cardiovascular events (25) .
It was reported that proinflammatory cytokines, such as TNF-α, IL-1, and IL-6, generated in the synovial tissue, can be released into systemic circulation in RA patients (26) . Unlike other cytokines, elevated plasma IL-18 may be associated with atherosclerotic plaque instability, which may cause acute coronary syndrome (14) . It was shown that IL-18 levels were positively associated with metabolic risk factors and that plasma IL-18 was an independent predictor of death from cardiovascular causes in patients with coronary artery disease (27) . In the literature, it was reported that plasma IL-18 levels were increased in obese women, diabetes mellitus individuals, polycystic ovary syndrome, a number of autoimmune diseases, inflammatory bowel disease, psoriasis, and adult-onset Still's disease (17, (28) (29) (30) . In addition, IL-18 was detected in RA synovial membrane in macrophages, together with the lining layer of fibroblasts, and the level of IL-18 was increased in the joint and in the serum of RA patients (12) . The present study confirmed that plasma concentrations of IL-18 were elevated in RA patients compared with healthy controls and also demonstrated that RA patients with high IL-18 had a greater cIMT than healthy controls. The demonstration of raised serum levels of IL-18 highlighted in this study is consistent with the hypothesis that IL-18 has a pathophysiological role in RA (12) . In addition, our results suggest that elevated plasma IL-18 concentrations may be associated at least with early carotid atherosclerosis. We speculate that inflammation or plaque instability mediated by elevated plasma IL-18 concentrations could accelerate the development of atherosclerosis in RA patients. However, we found no significant difference in serum IL-18 levels and cIMT measurements between the patient groups (DMARD and non-DMARD). In addition, in this study, no correlation between disease activity and IL-18 in the serum of RA patients was found, as in the report of Bresnihan et al. (31) . In contrast to our study, it was reported that RA synovial IL-18 expression correlates with ESR and disease activity following DMARD therapy (29) . The reason for the distinct results between these findings and the present study may relate to differences in patient selection or the assay conditions. The failure to find a positive correlation between IL-18 levels and measures of disease activity in this study suggests that IL-18 may have limited ability to induce acute phase proteins and mediators of inflammation in RA. Increased insulin resistance is an important risk factor for atherosclerosis (32) . In the general population, insulin resistance is an established risk factor for cardiovascular disease and type 2 diabetes mellitus, and its main determinant is abdominal obesity (33) . In addition to the production by immunocompetent cells, adipose tissue contributes significantly to the levels of IL-6 and TNF-α in the circulation. It is recognized that the pathogenesis of insulin resistance includes low-grade inflammation (16) . It was reported that serum IL-18 levels might be a sensitive marker of the chronic inflammatory process underlying insulin resistance, especially in patients with type 2 diabetes (16, 34) . In addition, the authors hypothesized that plasma levels of IL-18 would be a superior marker of insulin resistance when compared to IL-6, TNF-α, sTNFR2, and CRP. Patients with autoimmune connective tissue diseases also have increased insulin resistance (32), and it was reported to be associated with inflammation and glucocorticoid therapy in RA (34) . The associations between acute-phase responses and insulin resistance are well documented in RA (35) . However, the relationship between plasma IL-18 and insulin resistance in patients with RA has not been investigated previously. In our study, we then examined the relationship between plasma IL-18 and insulin resistance, a measure of HOMA-IR. HOMA-IR one of the indirect indices for the assessment of insulin resistance and correlates well with euglycemic clamp measures in men and women, younger and older adults, and obese and non -obese individuals (36) . In our patients, we did not find a correlation between levels of IL-18 and HOMA-IR, similar to Aso et al. (37) , indicating that other conditions are implicated in the development of the insulin resistance observed in RA. Another potential explanation for the lack of correlation between insulin resistance and serum IL-18 concentration is that patients had chronic disease and were receiving DMARDs and thus had lower disease activity. However, Dessein et al. (35) reported that abdominal obesity and patient's assessment of disease activity were predictors of insulin resistance. In their study, patients with high-grade inflammation had increased insulin resistance as compared with patients with low-grade inflammation. These findings may explain our results. Our results suggest that elevation of plasma IL-18 levels may not enhance insulin resistance in patients with RA.
Obesity is a risk factor for coronary heart disease and mortality in the general population and may potentially contribute to the increased incidence of the CV complications observed in RA (26) . However, obesity is the main determinant of insulin resistance in the general population, and previous studies of insulin resistance in RA did not report on the relative role of excess weight (35) . In the present study, we found a negative correlation of plasma IL-18 with BMI, in contrast to other studies (17, 27) . However, RA patients with active disease often have loss of body mass, known as rheumatoid cachexia, which predominates in skeletal muscle but also occurs in the viscera and immune system (26) and is related to cytokine production (35) . Several explanations could account for the lack of correlation between BMI and serum IL-18 concentration in patients with RA. All patients were female and had a lower mean BMI, whereas all of these factors may affect the results. Another explanation for this finding may relate to the multiple sources of circulating IL-18. However, IL-18 secretion from adipose tissue has never been reported. The increase in serum IL-18 levels might also result from chronic inflammation of joints (36) .
Another potential explanation for the failure to find any relationship between insulin resistance and serum IL-18 in our RA patients is that various other mechanisms may contribute to the insulin resistance, such as production of other cytokines (32) . Inflammatory cytokines, such as IL-6 and TNF-α, have been shown to be released by adipose tissue and affect insulin resistance (38) . Recently, many studies suggested that TN-F-α might be an important mediator of insulin resistance (26, 32) . TNF-α decreases the tyrosine kinase activity of the insulin receptor (26) . TNF-α is also a proinflammatory cytokine that has a major role in the pathogenesis of autoimmune diseases and inflammatory disorders. Recently, it has been reported that a significant decrease in insulin resistance and disease activation was seen after infliximab treatment in most insulin-resistant patients (32). Our results suggest that plasma levels of TNF-α would be a superior marker of insulin resistance when compared to IL-18 in patients with RA.
Limitations of this study should be noted. First, all patients were female. Thus, our conclusion regarding the association between IL-18 and insulin resistance may be limited to the female gender. In addition, the menopausal status of the patients was not taken into consideration; the benefit of estrogen in atherosclerosis is well known. Second, the study was cross-sectional. The causal relationship can not be confirmed by a cross-sectional study. A prospective study is required to confirm causality among plasma IL-18 and HOMA-IR or cIMT in patients with RA. The mechanism of the association between IL-18 and insulin resistance in RA was not clarified by this study.
RA results in increased serum IL-18 and TNF-α concentrations. Our results indicate that carotid artery atherosclerosis is more prevalent in patients with RA compared to control subjects. RA should be added to the list of conditions associated with increased atherosclerosis; thus, inflammation should be controlled better. Our study implies that health care practitioners treating RA should be aware of the risk of atherosclerosis in those patients with high plasma IL-18. Our results also demonstrate an increase in circulating TNF-α concentration associated with insulin resistance in RA patients.
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